The profile function for the ground-state Skyrmion is explored. It is numerically shown that, compared with those proposed so far, the profile functions considered here give better (smaller) values for the static energy of ground-state Skyrmion.
The Skyrme model [1] is an attractive candidate for the effective theory of Quantumchromodynamics (QCD) [2, 3] . Its static version is defined by the static energy functional
where U = U(x) is an element of SU (2) . Note that, for the sake of comparison, we are here adopting the normalization of E used in refs. [4, 5, 6] . The important topological quantity associated with the Skyrme model is the baryon number
With these definitions, we have the Faddeev-Bogomolny inequality E ≥ |B|.
In this paper, we restrict ourselves to the case of B = 1 and assume that U(x) obeys the hedgehog Ansatz:
where τ denotes the triplet of Pauli matrices. We seek the profile function f (r) that makes E as small as possible. It is known that E can be written as [6] 
The field equation for f (r) is given by
The static configurations which minimize E for a given B is called Skyrmions. In the case of B =1, Battye and Sutcliffe [4] began their numerical analysis with the initial trial configuration
which gives E=1.24035. They concluded finally that the true (smallest) energy of the B=1 Skyrmion is equal to 1.2322 [4, 5, 6] . Krusch [7] investigated Skyrmions on the 3-sphere S 3 with the radius L. In the flat space limit (L → ∞ limit), he obtained the profile function
where k is an adjustable constant. It seems that the value of E obtained by Battye and Sutcliffe [4] is regarded as the best one. It is sometimes called the true energy. In this paper, we suggest that we can obtain better values by assuming a different functional form for f (r).
To transform Eq. (7) into an algebraic differential equation, we make use of
Then we have
and
If we assume that v(z) of the form
is a solution of Eq.(12), we find
We also find that v 1 , v 2 , v 3 , · · · are determined successively in terms of z 0 and v 0 .
Note that the behavior of v(z) implied by "α = 1 if z 0 = 0 and α = 2 if z 0 = 1" matches with the boundary condition
since z = 0, 1 correspond to r = 0, ∞, respectively. Thus we are led to the choice
where w(z) is a function which is nonvanishing and finite at z = 0, 1, and z 0 . Assuming that the parameter z 0 is real and satisfies 0 < z 0 < 1, we are led to the formula
The profile function f (r) given above satisfies the condition
We have investigated the behavior of w(z) assuming that it is given by a power series of z − z 0 . Its behavior near z=0 and/or 1, however, is violent because of the problem of convergence of the series. In the following, we investigate the values of E associated with some simple w(z)'s. We first consider the simplest case that w(z) is constant. Setting w(z) = w 0 , the energy E is a function of z 0 and w 0 . We find that E = 1.23186 at w 0 = 0.673, z 0 = 0.279 (23) is at least a local minimum under the variation of z 0 and w 0 . We note that this value of E is smaller than those obtained so far, suggesting the usefulness of the choice (23). The profile function and energy density of this case is depicted in Fig.1 and Fig.2 , respectively. 
The value of E can be improved if we make use of w(z) which is a little more complicated than w(z) = w 0 . For example, fixing z 0 and w 0 as above, we have E =1.23179 for w(z) = 0.673 − 0.1z 6 , (27) E =1.23163 for w(z) = 0.673 − 0.1z
To proceed more systematically, setting
in the field equation (12) with (19), we obtain
and so on. In the case that N = 2, w 0 = 0.673, z 0 = 0.279, E is given by
We here note two more examples:
and E =1.23147 for
We have thus seen that the best E obtained so far (1.2322) can be improved.
In conclusion, we have studied better profile functions for the Skyrme model and obtained some of them which make the energy E smaller. The characteristic feature of our profile functions is that they consist of two branches of the function arctan v(z). Because of the intimate relationship between the Faddeev and Skyrme models [8] , the minimal energy of the soliton of the Faddeev model [9] with Hopf charge 1 can be similarly improved.
